Recently diagnostic imaging such as CT and real-time imaging technologies such as kVCBCT have been widely used in the radiotherapeutic management of cancers. Due to the frequent applications of those imaging techniques with ionization radiation involved, the dose deposition to the patients has become a major concern. How to reduce the radiation dose to the patient without losing critical diagnostic information has prompted many interesting studies in the past few years [1] [2] [3] [4] . Current estimation of radiation dose from CT and kVCBCT relies heavily on the measurement of CTDI vol in standard cylindrical phantoms. As such, CTDI vol is essentially a measure of dose to the phantom, not to the patient. Hence, it is highly desirable to have a digital phantom that is not only patient-specific but also able to record the 3D patient dose from external ionizing radiation temporally, whether the radiation is from the mega-voltage therapeutic photon beams or from the CT and kVCBCT scans. This has become increasingly important and necessary as cancer radiotherapy and diagnosis are moving toward national registries and the patients are increasingly inquiring about their estimated levels of radiation dose from certain medical imaging procedures. In this work, we propose to build a 4D digital phantom based on patient CT anatomy and time-tagged CT information. By binning CT information at various phases of respiratory motion, we can create a 4D phantom that serves as the digital representative of the patient himself or herself in virtual environment and is ready for Monte Carlo particle transport. With non-uniform rational B-spline (NURBS) surface technology, the size-specific and gender-specific differences in the organ shapes and body contours can be easily accommodated, allowing for deformable dose registration during adaptive radiotherapy.
The 4D digital phantom is generated in three major steps: (a) a regional 4D-CT acquisition around lesion with RPM system; (b) generation of a 4D regional phantom; and (c) generation of a 4D whole-body phantom.
The resultant 4D digital phantom is essentially a high-resolution voxel phantom (with voxel dimensions down to 0.5 mm x 0.5 mm x 0.5 mm, as required for dose estimation of newborn skin) capable of non-uniform scaling of organs and body contours based on NURBS surface technology. With a digital phantom for each patient, an accurate estimation of the organ doses in 4D will be made possible, which will contribute to a better tumor control because of the detailed knowledge of dose distributions not only spatially but also temporally.
